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Introduction 21
Saturn's auroral intensity and morphology are known to respond strongly 22 to the solar wind conditions that envelop the magnetosphere. The 'quiet' au-23 rora is typically composed of a 1-2
• wide arc, more intense on the dawn side 24 than the dusk, and located at 14-16
• co-latitude in the southern dayside 25 sector Badman et al., 2006; Lamy et al., 2009; Car-26 bary, 2012). The northern aurora is typically located 1-2 • closer to the pole 27 than that in the south because of the higher magnetic field strength in the 28 northern hemisphere (Dougherty et al., 2005; Nichols et al., 2009) . However,
29
the location and width of the aurora are highly variable, and sub-structure 30 of the oval is commonly seen (Badman et al., 2006 (Badman et al., , 2014b Grodent et al., 31 2011; Meredith et al., 2013) . Large-scale auroral intensifications have been 32 observed in response to the arrival of solar wind shocks ahead of high pres-33 sure regions (Prangé et al., 2004; Clarke et al., 2005 Clarke et al., , 2009 Crary et al., 2005;  34 Nichols et al., 2014) . These intensifications have been interpreted as the 35 signatures of compression-induced magnetotail reconnection (Cowley et al., 36 2005; Bunce et al., 2005b) . Latitudinal broadening of the main auroral emis- sphere (Gérard et al., 2005; Radioti et al., 2011 Radioti et al., , 2013a Radioti et al., , 2014 Badman et al., 43 2012a Badman et al., 43 , 2013 Jackman et al., 2013; Meredith et al., 2013 Meredith et al., , 2014 . Measure-44 ments of field-aligned currents associated with the main auroral emission by 45 Cassini have shown that the upward current carried by downward auroral 46 electrons is co-located with the polar cap boundary on the day side (Bunce 47 et al., 2008a) and maps to the outer ring current or outer magnetosphere on 48 the night side (Talboys et al., 2011) .
49
Many features of Saturn's magnetosphere demonstrate so-called 'plane-
50
tary period oscillations' in their intensity and/or location, as reviewed, for 51 example, by Carbary & Mitchell (2013) . The planetary period perturba-52 tions in the magnetic field at high latitudes take the form of planet-centered 53 transverse rotating dipoles in each hemisphere (Provan et al., 2009 ). The 54 near-equatorial field perturbations take the form of quasi-uniform rotating 55 fields aligned with the effective dipoles in the equatorial plane, combined with 56 north-south fields, resulting in arched loops (Andrews et al., 2010) . The effec- 
1-2
• (Nichols et al., 2008 (Nichols et al., , 2010b . Nichols et al. (2010b) suggested that the 67 northern auroral oval would be offset in the direction of the northern effec- hemisphere is also shown to be modulated at the respective period accord-
80
ing to the rotation of the field-aligned currents associated with the effective 81 transverse dipoles, although a local time asymmetry also remains, as men-82 tioned above (Sandel et al., 1982; Nichols et al., 2010a; Badman et al., 2012b; 83 Lamy et al., 2013; Carbary, 2013) .
84
Saturn's aurora are most commonly observed at ultraviolet and infrared 85 wavelengths, corresponding to emission from H and H 2 in the UV and H + 3 in 86 the infrared. Badman et al. (2011) and Melin et al. (2011 Melin et al. ( , 2014 or emitting species lifetime (Tao et al., 2011; Badman et al., 2014a including dipole, quadrupole and octupole components (Burton et al., 2010) .
118
At the start of the interval Cassini was traversing southern lobe field the high latitude magnetic field lines (Gurnett et al., 2010 field-aligned currents to maintain current continuity.
143
The B φ perturbations and deduced meridional ionospheric current are from the ring current modelled by Bunce et al. (2008b) . Figures 2d and h 
153
show the B φ perturbations from which I P was derived.
154
The large scale structure of the field-aligned currents identified during cates a field-aligned current directed downward into the southern ionosphere. followed by an overall decrease in the B φ magnitude until 07 UT, indicative 166 of downward current (orange shading on Figure 2f ).
167
The signatures of the field-aligned currents in the plasma and wave ob- were not detected in the regions equatorward of the upward current in either 187 the northern or southern hemisphere, as shown by Gurnett et al. (2010) .
188
During and after the encounter with the upward current region at 03:00- oval.
210
The electric field spectra shown in Figure 1 and 2e show that the SKR 
224
The data were projected onto a 0.25
• planetocentric polar grid using 225 the peak emission height of 1100 km above the 1 bar reference spheroid 226 (Stallard et al., 2012) . The emission intensities used here were determined 227 from multiple wavelength bins containing H + 3 emission lines around 3.5 µm.
228
The UV aurorae were observed by the Cassini Ultraviolet Imaging Spec- 
292
In the first of these observations the aurorae formed a relatively narrow arc
293
(1-2 • latitude) of variable intensity extending from pre-midnight through 294 dawn to pre-noon. In the second observation the arc had moved to slightly 295 higher latitude and contained an intense bulge at 04-06 LT extending ∼ 1
poleward of the centre of the arc. side by Bunce et al. (2014) , between the upward current signature and the 349 aurora.
350
As described in Section 2 above, the subsequent interval from 04-12 UT 
409
The same analysis has been applied to the UVIS, VIMS, and HST images 
466
The nightside upward and downward field-aligned currents were detected low frequency SKR to reconnection events occurring in Saturn's magnetotail.
498
The auroral bulge was observed within the main emission on the dawn sec-499 tor, a region which maps to the outer ring current or outer magnetosphere 500 (Belenkaya et al., 2014) . The bulge is consistent with the injection of hot 501 plasma into the dawnside outer magnetosphere following tail reconnection.
502
However, other causes for the variability in the main oval structure have 503 not been ruled out (Radioti et al., in preparation) . Only the trailing edge Cowley et al., 2005; Badman et al., 2005 Badman et al., , 2014b Nichols et al., 2014) . 
527
The distinction and relationship between these processes has been described 528 theoretically (e.g. Cowley et al., 2005) , and detected in simulations (e.g. Jia
529
et al., 2012) and observations (e.g. Jackman et al., 2011; Thomsen, 2013; 530 Nichols et al., 2014) .
531
We apply this sequence of events to describe the observations made dur- latitude, and contracted towards the pole (Figure 4d ).
549
Finally we note that dayside magnetic reconnection is also expected to 550 be stronger under solar wind compression conditions (Jackman et al., 2004; 551 Badman et al., 2005 551 Badman et al., , 2013 , and would occur in the noon sector. A possible magnetosphere (e.g. Anderson et al., 2014 
